Background Chronic renal diseases (CRD) are associated with approximately 5 % of pediatric venous thromboembolism (VTE) cases, but the epidemiology of VTE in CRD is illdefined. Methods Children (<18 years) with CRD were identified from MarketScan® Research databases. The VTE status of subjects with CRD who qualified for this study was ascertained during the 6 months following the initial diagnosis of CRD. Demographics, healthcare utilization, mortality, and co-morbid conditions were assessed. Results A total of 22,877 children with predefined CRD ICD-9-CM codes were identified between April 1, 2003 and June 30, 2012, among whom 0.55 % had VTE. Our analysis revealed that in-hospital mortality was more likely in children with VTE than in those without VTE (11.9 vs. 0.9 %, respectively; p<0.0001). The usage of healthcare facilities, based on the number of inpatient admissions, length of stay, outpatient visits, and pharmaceutical claims, was also significantly higher in patients with VTE than in those without (p<0.0001). Total mean healthcare expenditures for the 6-month follow-up period were 13-fold greater in the VTE group than in the group without VTE ($338,338 ± $544,045 vs. $25,171 ± $90,792; p<0.0001). In a multivariate model, infection, hemodialysis, and trauma/surgery significantly increased the likelihood of VTE. Conclusions Venous thromboembolism is rare in children with CRD, but it is associated with higher mortality and healthcare utilization when present. Among the children with CRD enrolled in our study, the likelihood of VTE was increased among those with co-morbid, non-renal chronic conditions.
Introduction
Venous thromboembolism (VTE), a condition which includes both deep venous thrombosis (DVT) and pulmonary embolism (PE), is an increasingly important cause of morbidity and mortality in children with chronic health conditions [1] . Approximately 5 % of all childhood inpatient VTE episodes are associated with co-morbid chronic renal diseases (CRD) [1] [2] [3] [4] . Furthermore, in comparison to other chronic conditions of childhood, CRD is associated with the highest rate of hospital-associated VTE in children [5] . While VTE occurs in approximately 3 % of children with nephrotic syndrome [6, 7] , its prevalence in other types of CRD has not been wellestablished. The rate of graft failure due to thrombosis of vascular anastomoses following renal transplantation is approximately 3 % [8] [9] [10] . The estimated thrombus-free survival of arteriovenous fistulae (AVF) for long-term hemodialysis is 74 % at 1-2 years of follow-up [11, 12] . However, the distribution and determinants of VTE (including non-graft, non-AVF VTE) have not been established for children with CRD.
Pediatric VTE is associated with a two-to six-fold increased mortality risk and a 5-10 % prevalence of postthrombotic syndrome (disabling venous insufficiency); in addition, about 10 % of VTE patients develop recurrent VTE [13] . Better understanding the epidemiology and risk factors for this potentially devastating complication is a necessary step toward VTE prevention and improved treatment. In this study, we sought to define the prevalence of VTE in a large cohort of children with CRD, estimate the healthcare burden imposed by VTE, and evaluate associated risk factors for VTE.
Methods

Data source
The data for this study were obtained from the [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] Truven Health Analytics MarketScan® Commercial Databases [14] . These databases include de-identified insurance claims from employees and dependents covered by large selfinsured employers and regional health plans. In addition to diagnostic codes, actual payments on all billed services, including those for prescription drugs, and outpatient and inpatient care claims are captured, allowing for a true cost analysis rather than estimates from provider charges. Additionally, the databases assign each enrollee a unique identification number, eliminating duplication from the analyses (providing that they did not switch between participating insurance companies during the study period). In 2012, the database included information on approximately 53 million enrollees and their dependents from over 150 contributing employers and 25 contributing health plans.
Study population
Subjects with CRD identified for inclusion in this study were 0-17 years of age at the time of their first CRD diagnostic code, providing that their health plan enrollment information and outpatient pharmaceutical claims data were available. CRD was defined using ICD-9-CM (International Classification of Diseases, 9th Revision, Clinical Modification; Centers for Disease Control and Prevention, Atlanta, Ga; Available at: http://www.cdc.gov/nchs/icd/icd9cm.htm) codes for (1) congenital anomalies of the urinary system, (2) nephrotic syndrome, (3) chronic glomerulonephritis, and (4) chronic kidney disease (Table 1) , as previously described [15, 16] . All inpatient codes were considered valid; outpatient diagnostic codes without a corresponding inpatient diagnosis were only included if there were ≥2 of the above codes recorded at least 30 days apart. To allow for 6 months of follow-up data (see VTE subjects), subjects were ascertained through to June 30, 2012 . Subjects were excluded if they had not been continuously enrolled for at least 6 months prior to CRD diagnosis (except for infants) or if they were not continuously enrolled for at least 6 months after CRD diagnosis (unless an inhospital death was reported). Subjects were classified as dialysis patients if dialysis was coded at least twice, regardless of their inpatient or outpatient status, using the presence of either ICD-9-CM codes (Table 1) or CPT (Current Procedural Terminology) codes 4052F, 4053F, 4054F, 90935, 90937, 90940, or 99512. Renal transplantation patients were determined by the presence of at least one inpatient or outpatient code (ICD-9-CM codes; Table 1 ) or CPT codes 50360, 50365, 90967, 90968, and 90969).
VTE subjects
The VTE status of subjects who qualified for this study was subsequently determined by the presence of an ICD-9-CM code for VTE concurrently with the first CRD diagnosis, or in the subsequent 6 month follow-up period. Six months of follow-up was chosen due to the known epidemiology that the majority of nephrotic syndrome-, AVF-, and transplant anastomosis-related VTE occur within this time frame [8, 11, 12, 16] . Previously described ICD-9-CM diagnosis codes for VTE were utilized (Table 1) [1, [17] [18] [19] . Thrombectomy procedure codes were also included [ICD-9-CM codes (Table 1) and CPT codes 34401, 34421, 34451, 34471, 34490, 37187, 37188, 33910, 33915, and 33916], as previously described [1] . All inpatient VTE codes were considered valid; outpatient diagnostic codes without a corresponding inpatient diagnosis were considered valid if there was evidence of a filled anticoagulant prescription within 90 days following the VTE diagnosis, as previously described [18] .
Co-morbid conditions
Co-morbid chronic conditions were categorized as previously described by Feudtner and colleagues and subsequently applied to the study of pediatric VTE [1, 15, 20] . This categorization includes codes for neuromuscular, cardiovascular, respiratory, gastrointestinal, hematology and immunodeficiency, metabolic, genetic, and malignant chronic conditions, in addition to those in the renal category. Thus, non-renal complex chronic conditions (nrCCC) were ascertained using the ICD-9-CM classification system as described by Feudtner et al. [1, 15, 20] for 3 months prior to CRD diagnosis through 6 months post-diagnosis (regardless of when VTE may have been diagnosed during the time-frame). All inpatient nrCCC were considered valid; outpatient diagnostic codes without a corresponding inpatient code were considered valid if there were ≥2 nrCCC codes reported >30 days apart that fell within the 9-month reporting period. To allow for the 3-month pre-diagnosis co-morbidity window, subject ascertainment commenced on April 1, 2003.
Acute co-morbid conditions were categorized into trauma, surgery, and infection groups, which are the major identifiable acute conditions associated with pediatric VTE [1] . Subjects were classified as positive for any acute condition if the condition was coded in the 3 months prior to their VTE diagnosis or in the 3 months prior to CRD diagnosis for subjects without a VTE diagnosis. Additional 3-month periods of potential exposure to acute conditions post-CRD diagnosis for the non-VTE group were considered in a sensitivity analysis. Trauma was defined using previously published American College of Surgeons National Trauma Data Bank criteria (Table 1) [1, 21] . Surgery was identified using diagnosis-related group codes, as previously described [18] . Infections were recognized using ICD-9-CM codes grouped into clinical classification categories defined by the Medical Expenditure Panel Survey (MEPS), HC-120: Appendix 3, Clinical Classification Code to ICD-9-CM Code Crosswalk, available from the U.S. Department of Health & Human Services Agency for Healthcare Research and Quality [22] , with minor modifications (see also Table 1 ). Additionally, because they are less specific, all ICD-9-CM "V" codes were eliminated from these clinical classification categories.
Statistics
Two-tailed chi-square (χ 2 ) and Student's t tests were used to compare the distribution of demographic and clinical characteristics of children afflicted with CRD with and without VTE. Mean and median estimates of health service use and expenditures were calculated for inpatient admissions, outpatient visits, and pharmaceutical claims. Claims for outpatient visits were aggregated by date of service. Because the use and cost data were right-skewed, the Wilcoxon rank sum test was used to compare distributions for children according to VTE status. An alpha of ≤0.05 was used to determine statistical significance.
Logistic regression models were used to calculate unadjusted and adjusted odds ratios (OR) and 95 % confidence intervals (CI) for the association between demographic and clinical characteristics and VTE among children with CRD. The variables included in the initial multivariable models were age at first renal diagnosis (continuous), nrCCC, trauma/ (Table 2) . A qualifying VTE episode was identified in 126 (0.55 %) of these subjects, among whom 112 (88.9 %) had a DVT only and 14 (11.1 %) had a PE with or without a DVT.
The age of subjects with VTE was distributed in a bimodal fashion (χ 2 , p<0.001), and the mean age of subjects with VTE was significantly greater (6.6±6.9 vs. 4.6±5.7 years, respectively; p=0.002). In-hospital mortality was considerably more frequent in subjects with VTE (11.9 vs. 0.9 %; p<0.0001). However, there was no gender-specific risk (p=0.23). Only 63 (0.32 %) of 19,769 children with congenital anomalies had VTE; in contrast, 1.12-1.93 % of children in the other categories had VTE, with the highest prevalence in children with nephrotic syndrome (Table 2) . Children with VTE were more likely than those without VTE to also have an nrCCC (73.8 vs. 20.2 %; p < 0.0001), recent trauma (13.5 vs. 4.6 %; p<0.0001), recent surgery (41.3 vs. 9.5 %; p<0.0001), or recent infection (34.1 vs. 7.0 %; p<0.0001). Because infectious complications may be treated during a single encounter and thus would only be coded a single time, we performed a sensitivity analysis to determine whether it would be prudent to require a filled antibiotic prescription to fulfill the criteria for accepting an infection diagnosis. However, accepting a single code versus also requiring an antibiotic prescription did not significantly alter the relationship (data not shown). Similarly, trauma and surgery would also both be expected to be coded only for a single encounter. However, as it would be unusual for them to be coded as a suspected or "rule-out" diagnosis, we accepted all of these codes without additional criteria or analysis. A sensitivity analysis examining exposure to these acute conditions (trauma, surgery, and infection) during the additional follow-up periods did not materially alter the results (data not shown). Children with CRD who had evidence of end-stage kidney disease (ESKD) were more likely to develop VTE; of those on hemodialysis, 6.32 % (11 of 174) were affected by VTE (vs. 0.51 % of those not on hemodialysis; p<0.0001). Similarly, 2.74 % (9 of 329) of renal transplant recipients had VTE (vs. 0.52 % without a transplant; p<0.0001).
Univariate and multivariable relationships
Logistic regression was performed to determine the likelihood of VTE in the patient cohort. In this analysis, the presence of co-morbid nrCCC interacted significantly with the likelihood of VTE. As shown in Table 3 
Healthcare utilization and expenditures
Four healthcare utilization variables were examined: (1) number of inpatient hospitalizations, (2) cumulative inpatient length of stay, (3) number of outpatient encounters, and (4) number of pharmaceutical claims (Table 4) . Both mean and median measures of healthcare utilization were increased dramatically by the development of VTE. Subjects with VTE were admitted to hospital over twice as frequently (mean 2.47 vs. 0.62 admissions, respectively; p<0.0001), and the length of these inpatient stays were over tenfold longer (mean 62.06 vs. 5.89 days; p<0.0001). VTE subjects also attended >2.5-fold more clinic visits (mean 30.65 encounters) than did their non-VTE counterparts (mean 11.30 encounters; p<0.0001). Similarly, the VTE group filled over threefold more prescriptions than did the non-VTE group (mean 18.92 vs. 5.82; p<<0.0001).
The MarketScan® Commercial Databases include data on healthcare claims payments (expenditures). Thus, utilizing this database we were able to analyze actual healthcare expenditures, rather than charges (which may not be reflective of actual costs). For this analysis, no attempt was made to adjust expenditures for inflation. Not surprisingly, VTE was associated with increased expenditures commensurate with the increased level of utilization. A mean of $307,328 was expended on inpatient care for the VTE cohort, which was over 16-fold the amount spent on non-VTE CRD subjects (mean $18,147; p<0.0001). Similarly, outpatient expenditures for the VTE cohort were quadrupled ($27,511 vs. $6,476; p<0.0001), and pharmaceutical expenses ($3,499 vs. $548; p<0.0001) 
Discussion
The results of this large retrospective administrative data cohort study reveal that VTE is a rare but potentially devastating complication of childhood kidney diseases. VTE complicated 0.55 % of the childhood CRD cases included in our study, but was associated with significantly increased healthcare utilization (2-10 fold), costs (13 fold), and mortality (13 fold). In children with isolated CRD, VTE was most likely in older children, those on hemodialysis, or those with a recent infection. For those children with CRD and a comorbid nrCCC, recent trauma/surgery and recent infections were independently predictive of VTE. Children with congenital anomalies of the urinary system were least likely to develop VTE (0.32 %), those with nephrotic syndrome were more likely to develop VTE (1.93 %), and those with ESKD (transplant recipients or hemodialysis patients) were most likely to suffer from VTE (2.74 and 6.32 %, respectively). Childhood VTE is predominantly a complication of tertiary care for children with chronic illnesses, infections, and/or surgery/trauma [1] . Despite the recent rise in the incidence of this complication [17] , childhood VTE remains a rare disease [1, 19] . Thus, the epidemiology of childhood VTE within disease subgroups has not been well defined due to the challenge of obtaining adequate sample sizes. However, the pathophysiology of prothrombotic risk may not be identical among the various subgroups [11] . Therefore, defining subgroup epidemiology is an important step toward preventing this potentially devastating complication. The recent development of large administrative databases provides a means for obtaining adequately sized subgroup samples, but the information provided by these databases is limited to retrospective study designs. Thus, these studies are limited by both selection and information bias. For instance, in the present study, selection was limited to subjects with health insurance recorded within the MarketScan® databases, which may not be representative of the childhood CRD population in general, especially those covered by Medicaid and Medicare (for those children on chronic dialysis) and those outside of the USA. Furthermore, the study population may have been subject to information bias due to misclassification with regard to CRD and/or VTE diagnosis related to the limited sensitivity and specificity of ICD-9-CM coding, despite our strategies to improve the specificity of these codes using multiple diagnostic identifiers [23, 24] . Obviously, the ability to discern some types of relevant risk factors, such as thrombophilia status (e.g. factor V Leiden, prothrombin gene mutation, etc.) and central venous catheter utilization, is not possible when analyzing administrative data. Nonetheless, the epidemiologic understanding gleaned from these studies is important to determine adequate sample sizes needed for the proper design of future prospective studies.
Despite these limitations, the prevalence of VTE in children with nephrotic syndrome (1.93 %) in our study cohort was similar to that reported in recent studies (1-3.6 %) where, as in our study, passive monitoring for VTE was utilized [25, 26] . However, as recently reviewed by our group, clinicians should be aware that the prevalence of VTE may be much higher than these estimates when active monitoring (i.e., asymptomatic screening) for VTE is utilized [6, 7] . Moreover, the design employed here, namely, to only detect VTE in the first 6 months after diagnosis, is more likely to capture incident VTE than recurrent VTE and is unlikely to capture incident VTE in children who progress to ESKD more than 6 months after their initial diagnosis. Thus the true burden of VTE in children with CRD is likely to be higher than estimated here. Importantly, these data may not be relevant to other forms of renal disease in children. We chose to utilize previously published definitions of chronic diseases of the kidney. It should be noted that these are all conditions which may be considered to have a chronic course. For example, the congenital anomalies category includes children with conditions that have no ready cure. Thus, these data are unlikely to apply to children with acute kidney disease (e.g., acute tubular necrosis, pyelonephritis, etc.). Similarly, the epidemiology of VTE in chronic renal conditions not included in this analysis may differ. Furthermore, an individual patient may progress from one form of CRD to another (e.g., a child with steroidresistant nephrotic syndrome may have progressive loss of glomerular function and eventually develop chronic kidney disease), which likely explains, at least in part, why we observed some overlap in types of CRD within our population (see Table 2 ). This study was not adequately powered to assess the effect of this type of progression over time on VTE risk.
In addition to nephrotic syndrome, which was included in this study, other forms of CRD are associated with a known hypercoagulability [27] , but may also be associated with a bleeding diathesis, particularly in uremic patients [20, 28] . The latter may be somewhat protective against VTE in this population and explain why CRD is less commonly associated with VTE than other childhood chronic diseases [1] . Furthermore, the bleeding diathesis may complicate anticoagulant therapy for those children who do develop VTE and explain some of the increased utilization and costs associated with VTE care. VTE in our childhood CRD cohort had a bimodal age distribution, which is consistent with the age distribution reported in other studies of childhood VTE [3, 6, 17] . Also consistent with previous reports, the VTE cohort was about 2 years older than the non-VTE cohort [1] . In contrast, the number of children with CRD in the database decreased with age (see Table 2 ), which may be reflective of the high prevalence of congenital anomaly cases in this study (86.4 %), which was also the group with the lowest overall prevalence of VTE (0.32 %) [29] [30] [31] . Recent epidemiologic data demonstrate conflicting data on the prevalence of ESKD by age, but imply that older children have the greatest proportion of prevalent disease [29] [30] [31] [32] . Thus, VTE is most likely to occur in the older children with CRD, particularly those with ESKD, which is consistent with the overall epidemiology of childhood VTE [1] .
The likelihood of in-hospital mortality in our CRD cohort was substantially greater in patients with VTE. This is also consistent with other childhood VTE studies [1, 2, 17] .
Because cause of death is not captured in the MarketScan® databases, similarly to other administrative data analyses, it is not possible to determine whether this correlation represents causality for VTE-related deaths or is simply reflective of VTE being more highly predominant in the most critically ill children. One previous report suggested that only about 23 % of VTE-associated deaths are directly attributable to VTE, with the remaining portion being attributable to underlying diseases [2] . Nonetheless, VTE (specifically PE) has recently been reported to significantly impact mortality in adults on dialysis [33] . It is not possible to assess reasons why subjects may have dropped out of this dataset (e.g., death vs. changing health plans). Therefore, we were unable to assess nonhospital mortality in this analysis.
One of the remaining important questions in childhood VTE epidemiology is the impact that superimposed chronicon-chronic and/or acute-on-chronic illness has on the likelihood of VTE [1] . Thus, in this study, we evaluated the impact of other nrCCC on VTE probability and found a significant interaction. Interestingly, the presence or absence of superimposed chronic-on-chronic (i.e., nrCCC-on-CRD) illness significantly altered the epidemiology of VTE. Infections were independently associated with VTE in children with CRD regardless of nrCCC status. In contrast, hemodialysis was independently associated with VTE only without a comorbid nrCCC, whereas recent trauma/surgery was independently associated with VTE only in those with an nrCCC. These results may indicate that children who have been on hemodialysis are more prone to catheter infection and catheter-associated thrombosis due to the known interactions between bacterial infection and thrombotic risk [34] . For children with chronic-on-chronic illness, recent trauma/ surgery significantly increased the probability of VTE, suggesting that this group is at highest risk during an acute-onchronic event associated with transient immobilization and an inflammatory stimulus. Importantly, both surgical interventions and infections have known associations with both adult and pediatric VTE [1, 35] .
In this study, children with ESKD (reflected by use of hemodialysis or renal transplantation) were significantly more likely to suffer from VTE. However, we were not able to reliably assess the use of peritoneal dialysis with currently available coding strategies using this database and were, consequently, not able to compare hemodialysis versus peritoneal dialysis risk. It is reasonable to speculate that VTE may be more common with hemodialysis due to the necessity of largebore venous access devices.
VTE was significantly associated with both healthcare resource utilization and expenditures. Utilization is likely to be reflective of increased admissions for VTE and anticoagulant management, additional clinic visits for anticoagulant management, and additional prescriptions for anticoagulants. However, it is possible that this utilization is reflective of more intense management for more severe underlying renal pathology, assuming that underlying disease severity drives the likelihood of VTE. The increased expenditures were commensurate with the additional resource utilization. Importantly, the expenditures reported in MarketScan® databases include the expected co-payment and deductible amounts and, thus, represent actual healthcare costs. We did not attempt to adjust these expenditures for inflation. However, inflation would be expected to affect VTE and non-VTE associated expenditures equally. Thus, we are confident that the increased expenditures associated with VTE would remain significantly elevated after inflationary adjustment.
In summary, these results demonstrate that, although rare, VTE in children with CRD carries a significantly increased burden of healthcare utilization, costs, and mortality. Furthermore, the results of this study provide important information regarding which children with CRD are at greatest risk for VTE, who might be targeted for non-pharmacologic VTE prevention measures or enrolled in clinical trials of thromboprophylactic therapies [7] . This knowledge may inform the development of targeted VTE prevention strategies in these children as well as help to estimate sample sizes needed to power future studies of this complication.
